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(57)Abstract: 

PURPOSE: To obtain low sheet resistance by a 
method wherein the TiSi2C54 crystal grains, 
wherein a titanium silicide film is formed, are 
brought into contact with each other through TiN. 
CONSTITUTION: A titanium silicide film 109 of 
TiSi2-C49 crystal structure is formed, and the 
surface side of a deposited titanium nitride film is 
formed into titanium nitride film 1 10 having a large 
quantity of nitrogen content. Then, after the 
titanium nitride film 108 of the gate side wall 
spacer 106, located on the titanium silicide film 
109 and a field oxide film 102, has been removed 
by selective etching using the mixed solution of 
sulfuric acid and hydrogen peroxide, the second 

?<f , ™ f atment iS COnducted at about 800 *> 1 1 00°C, and the titanium silicide film 
112 of T.S.2-C54 crystal structure is formed. As a result, the sheet resistance of TiSi 
film can be c 1 — * • 
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^ Kl^W3n5i«®s ti g (t i x i ci8 

Sfc. TiSi2 C4 9je*iJof^>j /IJ ^ K 

^ W KBSS, ffc«Sto5li£5iI&, T i S i2 C 
[11**17] =fsjclg 5 HIE*©** >^ y -y-^ KRC5 



TiSi2 C 4 SKSMigo^^ 

ro o o n 

CO 0 0 2] 

H12 (a) c WJ:5c , ^Mfi 4 oi±r 7 ; 
1405 -cmtotitz*** -> y =, > j: * * fi y _ h |J 

4 04«t M > i 012 (b) C^^r 
W406W L/:8i a»fl*4 0 6**LT' 

NMOSO*^ flfc^*^ PMOSB» 

5 0C. 2 0&i£o|[- ( 5 f>ataiiaa!%m ^ y _ 
KK>f«4 0 7M, y-MS404OyU 
TiS,2 C4 9MMl©f^^, JHKi40 

2 0 fmmcom 2 ©&&&d«4ui c ^ 9 j. t e5 L 9 y ^ 
w kr 4 09^ i&mmt&m*. tisiz 
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8SOC:W - t " C3 *** l *9. BOOtKlTfft 
C0004] LA»L&*ie,, «®^>y^ 01 



Page 3 



EfcEIS-eii, ( 1 ) T i £ S i OSlEJRCftt, w 

mf^tl-T. Ti, Si, 0©37C*TO->»;-^-f K-fk 
S«4:44. (2) ±&37i*T?<Di,VV-4 KfbfittT 
fi> T i S i2©ft#£, g^cS i 02**^J6JcSn. 

T. S >2<7)^U^>H t ^ XJ; ^ /J ^ v>Ejr ^ (Z)g2 ^ 

i s i^si-J >vj x*vu^um®mo>m®o) 

y ' J ^ KftK^Tfi, 90 0t«T®RTAftl 
T\ C49i^C54 fe^fltit^ro^fkAijez 0 H < 

^9 00 TC«±o R T A ?rfTo C 4 9 *> e, C 

5 4*&M,mm^<DRiumz wr< ^mm 

'J -»M KfkL^tOv'j^ KM>i±$i 

StV^Po^a*s*« 0 (4) U -9- KffctSWt: 

A, 8 0 0t%8A4J:?ft|!fti^,^ ^ 

^^b-rs. E«istt*t±#L, Tisi 
cooo5] ^3T% ^mcDsmt^ ±2a®&&&m 

[0 0 0 6] 

**>i";-^ Ki&ftsEi^iA, xie^>-> 

'J K«tt, T i S i 2 C 5 4 tH&m* e, ft 9 , ± 
se*£«iMffc£3 Ui, T i N^LTfi^LTV^jit^ 

[0 0 0 7] i 04t*«*jt©K^ fett 

m&mm-tzim^ bsbmkj:*). x^ «j =, >jr 

[0 0 0 8] *^«©IB2©^^ac!)Sig^ fef j 

9 ym*Km-tz>TM t , < * >&a&i; «t 9 XMfk 



[0009] *%w<Dm3(D¥m#.mmo)m%L?jmi 

*i««*01**jft£a«, ] X 1 018fi/cm3«T-C* 

±fS-> u 3 >JgrX35®, ^>tSJtCf« 
[0 0 10] *iiOM4©mgf0SI^ii 

1 a fc it 2 (D^mmmom^mz &v % 
*>mzmmtzz £*<%&£ L ^ ±& 7 n,**itx 

[00 11] *ftW©*5ffli|£:»*S«©aBi^feM: 

H>i/,J ^ moym^mzmu >u ^>p±® 

K^-- ^fi^H^-^fta^g^^^ 

fb^il&KjH^*, Ti S i2C5 4»*«St:«5fb 
[0 0 12] *^TOg6©*i^ SogiM(i> 

s 1 2 c 4 9 #g^«ig<7) ^ ^ > ^ ,j ^ ^ vm^msz-r 

4XS©Ht, -r*>ftA^»3J:«5±fE^fk^^>^>; 
[00 13] 

tf^ffl] ^m<D^^miZM^ T i S i2 C 
5 4|gi0^uo©p E g»; > TiN^SLTl^/- 
^K>HCS i 02##£ 

XJ: =9 t/hSJiEIKSfljgjaco^ij KfkTt 

fctJt^ Ti S iadO^-hjfiftcHL, ra-©« 
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x*/Mf-tt, T i S i 2h S i 02©#®e 

i S i2T*fi, ^8 1 5*C) «±-Ctt, cfcO^fb-rS 

Ti S i 2> S i OZn&mmZ J: 
*fo\ZVltzh< (Ti S i2>S i02C9#®Six^;U 
Ti S i2>S i^ffiiii^^-vji; 
«U „ j;, T> Tis j2 C54 ^ 

"^^^ >W»3S i 02##aELTH6i:S, 
tt, *VJ>m\zT i N*q?ftLTV^JRi:]fcttL J: 

LT^SRfi, iP 7 --;w:i9 0 0 

[0 0 1 4] T i >S i ©££K:teW*l|*fiA©te» 
Wi, S"; 3 VR+fflK*. ^ il^LPCVDy 

- h m®+©gm mmcD lpcvdv^ 

[0 0 15] ffi*tt«fe«^raHt*:D, £g 

LT, HI 2 (b) Cllciltsy-^, K U^f 

[OOlGjUlHTiN, TiC2, Si02, TiS 
i 2©^x>^utr-Sr^-r o H ] «fc 9, Ti, S 
i> O, N©4tg£®£i£;-CBu Kffc& (T i C2, S 
i 02) A*«t«*WH^fiE$n*3>:A»W4 
[0017] 
[SI ] 



U Si, 0, N OWtM $ ftSffc^ 





fKJ/moif 


Ti0 2 


-992 


Si0 2 


-909 


TIN 


-339 


TiSi 2 

[0 0 18] SI — cnUi 


-134 



■fc?Cffi**IB«j<g£ (575t~650t) 

i , s i , o©3tt;£-?©v'j-»m Kfksfcvjfcr) T 

i S i2©8#£, 8E^WtlK^^j5!c$ns 0 Kfk 
* <Ti02. Si02) tr^TiSiai (600t 

Si2 C4 9feA*a>4oTV^) %3c£r& Ti 
Si2 C5 4fefi«iftK:3EftSi*s^«)K:, gz©s 

Si, 0©37C«fflHt:«feiiJf, 8 0 0t«i©an 
cfcivt, ^ K fTi S i2) 

fS*fb*«tt, S i 02©*h£nTl>3©-e as- 
®»i«froT i S i2B|©te#tett, S 'i 02© 

[ooi 9] ft*©a*cj:»)^jsesnfc, ^r S i 

^ ^iitti«g<^. ^ TiS i2©^UY 
T i S i2©atS (Tm) 14, l 5 4 0m 

i st^s^f <b 0 iot, ±fd^#^ s i cz*a 

tfct -5 &T i S i 2§|f±, £ U7D -i Sw 

3£&S8 5 0lCfcU:©*t*LJI-e, iS i 

02£i£>LT, Ti S i 2©g?®g ,i^_ r £ 
9, Ti S i2K©SH#ttS4 0 3©J:-5K«£Lf- 

V v j K Sr^ft *, L fc fiffi^t > ( ± S * ^ < ^ 
TiS i2©^U<>^^xj:0/j^V^ ( i©ffi 
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[0020] *%BMom i v&m&mawkxntr «t 

KI^ffMT^, 

[0021] *%«©H2©^^^gcr)5ajg^ r j; 
v v 'J a ym^K ^SftiS-CiK C 9 &l \ y.j^K 

[0022] *%W(»m4<D#mmz<Dm&ijferi: 
na, SE**^o«^ji:S:o. i ~ i 0%©^;-^ 

^^-OMffi?), Ti SiZiHTiNOli^^ 
[0 0 2 3] ^^0S5«^ i(5 |i^ rj . 

k®> mit*9>mty>)a>mt ©# w© g «k ftp 

m*KLT4*> ft Ar£ £ «£ 9 ±*E* * > ^ ,j ^ ^ Kp 



?±A©^M (R P ) £**>i/'J-»M KJK+rftA 
t4:^ffl*4tft, ftAtiO, *'J3>gg tL 

**^^*^©&f>*Tf3J:D, h7>i)^ 0 y- 
[0 0 2 4] t^^Ol6 0^#iio) m£rj; 

'J 3 >K©#®^fltt A - ^ H JfcS > Wr -> g ^ 
^ ' © «* "5 4 5/ 'J KRtt, >9 K < < fc 

[002 5] 

MM] ttTC, ^ISWCD^^aRtf*©^-* 
[002 6] (Bl©^M) Hl (a) - (e) Rcjr 

H2. cc-i) - (c-3) c, *ftwvm\(Dmmm 

[0 0 2 7] B3t. *I8W-C«v>fcn- Kn3 ,^ ft 

[0 0 2 8] B4C. *«?iTil^ D -KD^f S 
l^:y^>LP-CVDgft Mo-y^y, 

[0029] Wm^D-Kp^i^ 
i^J/'; 3 >LP-CVDSfi:j:,-cj| aL/ .j /lj 

?>m±iz*mmm£xmfXLtz*9>~>vV'{ kp 

t. n >LP-CVD8BH,*o TJiSLV 

S/ 'J =i >p± t ^*^J £ XMffc + 9 4 h'i 

©. ^-^^©^2©.%^^^^^^ * 

30»7 = -*Ltft(0, grr®^B£ 
[0030] H7t, *»i;iffMLtf^ ylJ 



[0032] H9K, *nteWzXM&Uz*9>i,>) 
©> F D-VDfttt*^t 0 

[0033] HI fa) C^TJi^c, I G *J! 

018®/ cm3WT(Z)^Mi 0 1 _LK, 7 * 
KKftH 10 2, gftSU* 10 3, y- f. §£^§1 j 0 4 



[0034] *£, 01 (b) t^TJ:3C, ^ftJIsg 
(H3#JB> Wol, »15 00AS*©***s,y 

->Mio5§r WU y-hta^-, aiU; 

fee, K^*-^^^_^_i n 

[0 0 3 5] ±KH3©$6B-c©^g fiS/ y 3>fflSl 0 

SfftSCAiifcft, ^flfKsggfaSS:, 1 O-iPaig 
£K33I£U S^-ysn, H.£#-i 0 0t«T 

7T-*^C«af U LPCVDfeT*, 99 9999 
J6«±©ttffOS i H4»fflm^T% 3 0 P a ©£t#-e 
6 2 0 tgIOfigf#^f a > 'J 3 vjRSrjsRiit L T V > 

*o ^Ocfc^trfiRKsnfcK+cKafaKtt, H4^ 

■TJ:-5C, S IMS»*fC-C*miRHi (] xl 018fl ✓ 
cm3) «T>, #»trM*«fflfi^*eft.>«J=i> 

[0036] HI Cc) fc^J^C, 7yftX 

+ ,%3$Sa.^ M (RTAft>A*-) Ro t 

i&ei*«cy-niio5aiflaMwi 03 n 

ft^iaiWtHS^SgjEcT i S i2 C 4 9@&*&®* 

[0 0 3 7] ±l^^^^m^i»(;fc tt ^^^>v^ 
^KMMWI:PL<^ C ^f, H2 
( c - i ) t^T «fc -5 k, 7 „ ^^fe^IzT, I -j > 



*C. H2 (c-2) f^J:^, rt3MSW 
lxlO-!8Torr) , ^^f t>A _ CjRgL 

o(i, o. o%©tgig T% ®stt^/^^ fe t 

:0038]te,i2( c -3)(^ t ^, : 
+ (*^#m±, IxlOlSTorr) , RTAftyV 
C«2SU iffII©TT5 7 5t^6 5 0t« 

®h (*««it«, 625t> -e2o?m& m-<D 
smatemzfiw ->v=>>m (^^>» i 0 

3, 105«C. ^>>^J3>©^ 3 J:^ Ti 
Si2 C49»*ii0^ >J/ ,j^ K|{ , () 

3>Jg #BttjLT^fcv>«tt <y_ h 

ttWK-)*-^- t _ 108i 7*-*K»ffc 
Ml 0 2f) T'f±, 'J 3 >a«fcv^«) * 

>K (f'J^lfi) #*ffiL*:*J*l 03, 105© 
Sftfc^* >> ij -y-^ KRo«5SLKJi, T i N*«#« 

C00393 »:E, Hl-Cd) ^-rjjat, K*-j 
KMl Ogi^gftf^g] j 0%/hLT^Vft 

>5"J-9--f KfflJR/p*TTiSi2i: Ltzttlz R P + A 
R P = TTi Si2 > ft* j; .5 |; ftAx ^ ^^-feg^g L r 
^6. «, **«flfPtt, K^-— > LT, 75A s + T 
^> U ,l!B^ K-XitLT, 5x10 
15.- cm2aEALTl>* 0 t^ty- Y %Wr 

i:ft5 0 

[0040] acc ififf^.j^Kinog^ 

^-■9-1 0 6gB©gfb^^>Sii 08, 



s o o°c~ i ] o ovmmvm-cD&Mimm&m-' 

*'0, fb¥*t&WK££fr, Ti S i2 C5 4tgSi 
-J KK] 1 2»t 4o *HJfiffl|T 

7—)\,TM\Z J; 0 |W)B$ cff A 5 tz ft, £ 2 ©^J&ta* 
Mi, 9 0 0t,_N2»fflftCDT, 2 0f>@gffoT 

toMMtiamsm*. 1 0 0 0 1>- ] ] 0 0 tOSg-cfr 
[0 0 4 1] JfcfclttWCfcltS •> <j-»M K«tt, iS#® 

1 OOt, 2 0f>ggc7),tJgto^ aT(± ^ SlJdfcj:^ 

JO 04 21 01 (e) E55TJ:5e, 9m 

Kl 1 3*li8rU ^I6^©^@M ("J7D-) 
©fcft, 'Ftt*©ffittft7' = -^fe3|ttax. 9 0 

Ot, N2#H^©T"C, 1 0^@g, ^J7--_^^ ff 

fe^miz TW L fc * * > •; -y- y Fmo, 9 0 0 1\ 

C0043] «±©«fc -5 C*S6J6ffl|-e»iS I tz * 9 > -> 

H7fl>tf*Ct Mt «. T i S i2>T i NOIHB 
a6x*^-li, Ti S i2ts i 02©HL®gi J: * 

(T i S i2T*f±, ms 1 5'C) W±T\ *tt«fc9g&£ 

&<S<-f*«fc Ti S i2>S i C9^®g 

*x*;^-AM^^fefe. Ti S i2>S i 02tf>g« 
TO&«fcS5^«c<^s^ f fi, fI tifce > < 0 Ti S i2>T 



i NC^Igii^^-,^ T i S i2> S i 020^ 
iSa*x*^-4:ifc(tL/hSl> 0 Ti S i2 

C5 4^©^u-f XJjjc S i QZifimE. LXX^h 

T9 0 0T\ 3 0»gStroT^t5;t# 4 i>. 
[0 0 4 4] H8Ji, ^HMtTKt^^^ij 

+4 m&trrzr-bw&t. m^mizxm^Ltz^ 

^-hfi«#ttT*S. 0. 2«nCDy 

[0 0 4 5] *Sgl <DnmmiZ£-?-ZMGS.Ltz-> 

^X^-y—mmte, ftlOOnm. y-^ii & 
0. 2 6//nit'i^ 

[0 0 4 6] H9f±, *£9fi0jfcT^/SLfc* 

[0047] *2fi, «»JHT«Ltf^y.j 
JSLfc^VS/.j^ FI^nLDDh7>y^ 

^WCiO. «£*^&>J±^ imWOfi 

C»T*S74 5%f&l±L, III, h 7 ^n-?^ 

[0 0 4 8] 
[*2] 
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51.4 
pS/pm 



h 7 
h - 



9 frWfc 



207.5 
(JS/pm 



73.7 
pS/pm 



1252.5 
Qpm 



^-^S :0.26pm 
^B&ffclKJf:5nm 

" [00 4 9] iM2o>nmm^Vc*??Z 

-3) f±, *^©X@/II$T®BT-£,.5 0 
[0 0 5 0] »1©^16WK:*5»SH1 (b) igcxg 

C 7 , KSftl2 0 2 , 7g&Sjgc2 0 3, y - h 
«2 0 4, ^-h«S2 0 5, y_ h ^ K ^_ 
^7^-^-2 0 6«tfcgs, if, Sio (C- 

^>SK) 20 1, 2 0 5mW<D&mti£mt:®&Lt- 
*lfcg«IMkK2 0 7#S:S*|!ft*U 

ilO CC-2) 
«n?«, lxlO-18Torr) „ ^^f t ^_ tsg 

o. j%^] 0 %^ fflT% j^n^-e 

tt, Sf* 1.96) Kfctt^JfeCj:^ 3ffc**>« 

2 0 8 zmm-tZe 

_[005 i] iai o (c-3) c^i-ctar * 



302.1 
pS/pm 



576.5 



(C 



100nm 

fcLfcfctlr, Rp=TnNtfc5d:-5K£Ax*,i,*r 
-S:Si«L-CV>4 0 ffi, K-X4>LT, 5 x 1 CI 5/ 
cm2£ALTl>* c *y';^a A C^, Ifft^ 
>l208^U3>I(y^ >SS)203 20 
5 0^ffiff^> » t->Vn>tf m 

»*o)tf209» fi ESn, ^tS,|,tt^ s 

c»e,*»v3fcs 0 ^mmmx'^ ^>£A$gg> * 
*9>mmmmiz-B^ aso^ltv^^Y^* 

[0 0 5 2] Sec, BIO (C-4) ^-TJrdr £ 
f #HS10T t' 5 7 5 6 5 0 1 ©^g® HT 
JSWCtt, 6 2 5t; 2 o^sgom-o^^D^s 
*frl\ y'J^I C->'Jn>««) 2 0 3, 2 0 5ffiij 

T i S i 2 C 4 9£JM*&C!)^* >yy^K 

K2 i o&j**u mmt<titzmit*9>mmwm& 
nfc*, *9>->w(FmiiMi£$tx-r> seg^ 



Page 9 



[0053] mu BiommmtDmi cd> vmtm 
[0054] mz o>mm> (ommm-c 

=9 t^fy U a X&X^Jdc LX t ctl\ C (Dm 
3\ T^Wglii, iS^-i>Sh, 0 
Otl^-RZ&fcftfcD- Kay ^m=&fflt^.fc->«J 3 >L 

p-cvD^E%ffli>T^-rso y-hiMbi»gjacfi 

*§M%M$£ 1 0-lPagfiCSE£3l£Lfcffc, 

S £«KS t , *j t j: 9 x m -sic «UT L X 

U LPCVDSt. 9 9. 9 99 9%U±C0^fg©S 

1ST, g=fc, y-usH 

sn^eigs-cfc&i^ 2sjn©itat?j&{±, 1000 

#*£ B B B vl>3>R£jtat U L-Ci&ffi-e, is 

-*ryx *w&n~> v 3 ymm&mz® 9 #*, 500 
®mzntzm d p<Dwmmmt, 1 x 1 o\m/cmm 

Til, *^H»Sf*/g©<£^2SKfc^5 0 *if3©H 
'J 3 >jg©t§3-, #^ B B B v 'J a >^cr,J: -5 K&#|L#fe^ 

[0055] (%40)mmm) miss 3 onmm-e 

LDD h7>^^?f©II©ibftAi«?:ij5)(LT 

fc«tv\, (ffliAor, Niwosm $M*>£, 3 X 

1 013 .''cmZSiSffiA-rS) Edr*J££>L 
X, »-f*^©«*39C, imi^y* 1 x 1 C14--C 

(a) - !b) C^-fJ:-5fc, »>.tetkB?S h 7 
*t~t*ISWij§fflX'£3 c Sf, EN 1 (a) t^-r 
•fc-513, 4H¥f£S&3 0 1 .he, 7Y-^K»ftK3o 
2, «5tt1S«3 0 3 4 r-h»ftJI3 0 4» $1^3 
©**«i:ra*CLT^i«Siifc, ttXjft^^, 1 x ] 
018IB cm3KT>/il,J:')^e^i,,j3 V ^ t 



fc, y- htS305, •y-w k->*-^^_- y-_ 3 0 

6*7&ffLfc£K, ixio 
18fi/cm3«Ti:4*J:5&J|»<Sa, t L < tt, 

fi«3 0 7 «r»J5R-r*. a*i!«jE:»*±lf S^rtei: LX 

1 0 0 t#TC«fch.fc d-Ko»^ Afc -> v ^ 
>LP-CVD^S(3J;-.X, TUfe^'J 

U •>>) 3>3£fi*»BffiLTVM!tV>fittET«, #*£ B B B ^ 
y ^ >K ( 5 9 0 CULt-Ctffc ^ L < f±, # 

y 3 >ir (58 0 tWT-ejsi Ltzm^) &mm 
i±> *a»s/ y =1 >RSra»?»cx y ^>^i»*-r* - 

IfBy'^yLP-CVDglUJcoX gtt 
x e ^ + -> v L, y'J3>|Sii tt!Ul ^, 

mmxte, #^ b b b -> >j 3 l < f±, #f B f.> ij 3 > 
-> "j a >r, l < \t. ^% -> -j 3 ym*mm l ^ 

[00 56] 011 (b) C^r«fe-5(3. Jfifl 

[0057] 

[^^©3^^] ^BO^gtctniJ, T i S i 
2 C5 4|g B H B ©^u^ >©p B 1t:, TiN##SLt^ 
Sfcft, j/ U-f >Hc s i 02^^LXV^^i:t hit 
*S5U x-hffiM^{£<, «fC, Ti S i2^©^u^ 

^M >-¥-f X«fcDi;fc£&E*«©Etta>*iJ-?- 
-fKfbfcit^ T i S i2M©y— hffitttgJJL, ID- 
<0fl£V^li^e»*l4 0 ^(3, T i S \2£T i NCDftM 
T i S i2>S i 02©| B r®eEt 1 x^ 

(T i S i2?li, 1 5 a C) «±-e«, .fcfj^ft 

5» < fcft, T i S i 2> S i 02©««i®Wt:«t 0^^< 
f«:*j|a|Kttfcc,< (TiSi2>Si 02©FrSa*x 
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Ti S \2hS i^ffiSii*^- 
>&«U #*fc*£VO a J:,!, TiSi2 C5 
4^ B B H O^H' ypics i 02##&LTV>5£:£ % ^ 

U J:Ufiia-C«|j(L*«teS5 0 JEd^H y^CT i N 
0 0°C, 3 0»gfifroT4,«E«rsc:i:a«J&:l%vi^ 
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